Abstract: Green manure crops may have a role to play in the development of sustainable agricultural systems in the semiarid northern Great Plains of North America. This study determined the benefits of different green manure crops, seeding dates, and termination methods on soil nitrogen, phosphorus, and moisture, as well as the performance of durum wheat following green manures the following year. Field experiments were conducted at Swift Current, Saskatchewan, from 2006 to 2009. Three green manure crops [forage pea (Pisum sativum L.), chickling vetch (Lathyrus sativus L.), and black lentil (Lens culinaris Medik.)] were seeded in May, June, and July, and terminated at full bloom using glyphosate, rototilling or by frost. Other treatments included summerfallow and stubble of selected crops harvested for grain or silage. Different green manure crops, seeding dates or termination methods had similar effects on soil moisture, available N, and exchangeable P at termination or the following spring. These effects of green manure management on soil residual characteristics were comparable to those observed under summerfallow, but higher than those on grain or silage stubble. Therefore, green manure is a viable alternative to summerfallowing and could be seeded any time during the growing season. If seeded late, green manure could be terminated by frost, thus saving on costs.
Introduction
In the semiarid northern Great Plains, soil moisture is the most important factor limiting crop production, followed by soil nitrogen (N) and phosphorus (P). Production of cereal crops followed by summerfallow was the traditional cropping system in the region. During the summerfallow period, soil moisture is conserved (Tanaka and Aase 1987) and organic matter breakdown and nutrient mineralization is enhanced, thereby increasing the productivity of subsequent cereal crops Hunt et al. 2013 ). However, due to detrimental effects of the cereal-fallow system, such as decreased soil quality and increased soil erosion risks (Lemke et al. 2012; Panettieri et al. 2014) , the practice of conventional summerfallow has declined. Instead, more diversified cropping systems have been widely adopted, where broadleaf crops such as oilseeds and pulses are arranged in longer crop rotation cycles with cereals, allowing the reduction or elimination of summerfallow and the increased use of soil residual nutrients and water (Gan et al. 2016) .
Green manuring has been found to be an environmentally friendly alternative to summerfallowing. However, growing a green manure crop may deplete soil moisture that is needed for the subsequent crop (Biederbeck and Bouman 1994; Zentner et al. 1996) . Therefore, shortseason pulse crops such as field pea and lentil are grown, offering a 'partial fallow' effect (Curtin et al. 2000) . The use of leguminous crops as green manure has additional benefits in that the legume crop adds nitrogen (N) to the soil through symbiotic N fixation. This decreases the use of inorganic N fertilizer (Kirkegaard and Ryan 2014) and increases system productivity (Gan et al. 2015) ; these help reduce the carbon footprint of crop production (Gan et al. 2014) , improve farm sustainability (Zentner et al. 2011; Roper et al. 2012) , and enhance profitability (Zentner et al. 2004) .
However, little research has been reported in finetuning the management methods for annual legume green manure crops. Legume type, dates of seeding and termination, and method of termination of the green manure crop may influence N fixation, biomass yield, and N content of the plants. Seeding and termination date can directly impact soil water conservation, which is critical for the subsequent crops, and can influence the rate and timing of N released from the green manure residue, thereby influencing the risk of N loss via leaching and denitrification. Hence, the objectives of this study were to determine the effect of type of green manure, seeding, and termination date, and method of termination on green manure water use and conservation, N and P benefits, and crop performance of a subsequent durum wheat crop. These green manure effects were compared to those observed on stubble of harvested spring wheat, field pea, and forage pea, and on conventional fallow. Detailed performance of durum wheat following green manure, summerfallow, and the other pulse crops is reported elsewhere (Gan et al. 2016) , and the present paper only discusses the performance of the different green manure crops and the effect of the growing period and termination method on soil water, available N, and exchangeable phosphorus (P).
Materials and Methods

Field experimentation
This study was conducted at the Agriculture and AgriFood Canada Research Centre, Swift Current, Saskatchewan (50°25′N, 107°44′W). The soil is an Orthic Brown Chernozem with a silt loam texture containing 28% sand, 49% silt, and 23% clay, and with an organic C content of 20 g kg of N-P-K-S; in 2007, they were 20-25-452-50; and in 2008, they were 26-23-388-34 . The N included NO 3 and NH 4. Sixteen treatments (Table 1) were arranged in a randomized complete block design (RCBD) with four replicates. In the establishment year, plot dimensions were 5 m × 10 m with a 0.3 m boundary between each plot. The three green manure crop types used were forage pea (Pisum sativum L. var. CDC Sonata) seeded at 246 kg ha . The 16th treatment was a summerfallow. Green manures, forage pea, and yellow pea were inoculated with peat-based Rhizobium inoculants (Nitragin GC®, Novozymes, Saskatoon, SK, Canada) at the rate of 100 g inoculant per 25 kg of seed; and were seeded at three seeding-termination dates designated 'Early', 'Mid', and 'Late' (Table 1) .
A pre-seeding burn-off treatment with 180 g a.e. ha −1
of glyphosate [N-(phosphonomethyl) glycine] was applied to all plots to control weeds. No fertilizer was applied to the legume crops. Spring wheat received 68 kg N ha −1 and 23 kg P 2 O 5 ha −1 based on general recommendations for the area. Summerfallow check plots were managed using commonly-adopted summerfallowing practices (Campbell et al. 2007; Zentner et al. 2011 Plant density was measured on 1 m row lengths from two positions in each plot 2 wk after initial seedling emergence. Aboveground plant biomass was determined at the time of crop termination on all plots by collecting biomass from three half-meter row lengths by hand from two positions in each plot. The samples were bulked, dried at 60°C, and weighed when the samples reached a constant weight after 2 to 4 d. Seed yield of yellow pea and spring wheat was determined at full maturity by harvesting the central six rows in each plot using a plot combine harvester. Moisture content of the seed samples was determined and the mass of all samples was normalized to a standard moisture content of 14.5%. Seed and straw samples were ground and analyzed for C, N, and P content. The N concentrations in the seed and straw were determined using the standard micro-Kjeldahl method. Carbon concentration of the plant samples was analyzed with an automated combustion technique (Carlo Erba™, Milan, Italy) .
Total N (%) was multiplied by 5.7 to calculate protein content (%) in seed (Williams et al. 1998 ). Nitrogen and P uptake in seed and straw were determined individually by multiplying plant dry weight by N and P concentrations, respectively. Soil samples were taken using a hydraulic punch probe to a depth of 120 cm, within three days after termination. Each soil core was sub-divided into five segments of: 0-15, 15-30, 30-60, 60-90 and 90-120 cm, respectively . Two cores were taken from random positions in each plot and the segments for each soil depth thoroughly mixed. The soil samples were air dried, ground to pass through 2-mm sieve, extracted using 2 M KCl (10:1 solution to soil ratio), and filtered (Keeney and Nelson 1982) for the determination of inorganic N (NO 3 -N and NH 4 -N) using automated colorimetry (Autoanalyzer II, Technicon Industrial Systems 1978).
Statistical analysis
A preliminary analysis of variance with the mixed model indicated that treatment had a significant effect and interacted with year to influence crop response and soil variables. Ordinarily, year is considered as a random factor and any treatment by year interaction is considered to be random. In this study, treatment and year were considered as fixed factors. Littel et al (2006) and Fernandez (2007) indicate that if the number of observations for a factor ordinarily considered random is not large enough to give a sizable representation of such a population of observations, the factor should be considered to have a fixed effect. Whereas this may limit its 
Results and Discussion
Weather conditions
Meteorological information was obtained from a station located within 8 km from the site, except for 2007 September, which was obtained as a mean from two Environment Canada weather stations near Swift Current. This information is provided in Fig. 1A . In all three years, precipitation in April and May were similar and slightly below the 30-yr normal precipitation for those months. Major differences were observed in subsequent months, particularly in June. Yield and other characteristics of green manure and harvested crops Green manure (GM) crops, forage pea (FP), chickling vetch (CV), and black lentil (BL) were seeded at three different dates and allowed to grow to full bloom of CV before termination (Table 1) . These three dates are designated Early (E), Mid (M), and Late (L) seeding and represent green manure timing. Yellow pea (YP) and spring wheat (SW) harvested for grain and FP cut for silage (Slg) were seeded on the first seeding date for each year. The effective duration in weeks from seeding to termination or harvesting are indicated in Table 1 . To look at the effects of crop type, time of seeding, and year, 12 treatments (from Table 1 ) were selected, namely: 1, 2, 3, 7, 8, 9, 10, 11, 12, 13, 14, and 15 , and included in the analysis. Treatments 4, 5, and 6 were omitted as they represented early-seeded incorporated GM treatments. However, incorporated GM treatments were not represented in mid and late-seeded treatments. The fallow treatment (16) was also excluded as there was no crop grown on it.
Aboveground biomass yield varied with GM type, timing, and year. Significant year by treatment interaction effects were observed on nearly all crop parameters. Hence, the characteristics of the GM and harvested crops for all the three years (2006, 2007, and 2008) as well as the average are presented (Fig. 2) . Aboveground biomass yield for early seeded FP was significantly higher than that of CV and BL in 2006 and 2008, and when averaged over the three years. As a whole, aboveground GM biomass yield was lowest in 2007, a year which was drier than normal. Above normal precipitation in September of 2006 helped the late seeded GM crops yield higher than their mid-seeded counterparts, although BL was found not significantly higher. In contrast, despite higher precipitation in June, July, and August of 2008, the late seeded GM crops yielded the lowest compared to the early-and mid-seeding periods. It is likely that above normal precipitation may have created conditions too wet for the establishment and development of the late-seeded legume GM crops: pulse crops (peas and lentils, in particular) do not like "wet feet".
Averaged over the three years, aboveground biomass yield of all three GM crops were similar regardless of the timing, with two exceptions. Early-seeded FP significantly out-yielded any other treatment, and late-seeded BL resulted in a significantly lower aboveground biomass yield than any other treatment, except lateseeded CV.
Aboveground biomass yields of harvested crops were all higher than those of GM crops in all three years. The only exception was in 2008 when FP cut for silage yields were similar to those of all mid-seeded GM crops and early-seeded FP. Aboveground biomass yield of harvested spring wheat was significantly the highest in all three years, as well as on average.
Total N in aboveground biomass followed a similar trend as aboveground biomass yield, with the exception of harvested YP and SW. Averaged over the three years, forage pea cut for silage and GM FP exhibited significantly higher total N in aboveground biomass than any other treatment. Among GM treatments, lateseeded BL exhibited the lowest total N in aboveground biomass, likely as a result of the poor aboveground biomass yield in the driest and wettest years (2007 and 2008, respectively) in the study. Total N in aboveground biomass of harvested YP was similar to those of the mid-and late-seeded GM crops, but significantly higher than that of harvested SW, which exhibited the lowest total N in aboveground biomass among all treatments. Total P in aboveground biomass followed a similar trend as total N in aboveground biomass, but amounts were about ten-fold less (Fig. 2) . Total P in aboveground biomass was highest in FP cut for silage and in green manure FP. Total P in aboveground biomass was lowest in harvested YP and SW, although not significantly different from late-seeded green manure. Trend in total carbon in aboveground biomass was similar to that of aboveground biomass yield. The harvested crops exhibited the highest amount of total carbon in aboveground biomass.
On average, the aboveground biomass yields observed in this study fall in the range reported by Biederbeck et al. (1993) of 601 to 3961 kg ha −1 , with the exception being late-seeded BL in the dry year. Chickling vetch seemed to grow well at all seeding dates and would likely be the best choice if one had to seed late. This may be due to its early-development capability (Biederbeck et al. 1993) , which allows it to accumulate sufficient aboveground biomass early on. In contrast, FP seemed to perform best when seeded early. Hence, among the three GM crops, FP would be the GM of choice if one is able to seed early.
Effect on soil water and water use
To assess the effect of green manuring on soil moisture and water use by the crop, soil moisture status was measured at the time of termination, late fall, and in the spring of the following season at the following soil profile segments: 0-15, 15-30, 30-60, 60-90 , and 90-120 cm. As well, changes in soil water status between termination and late fall, between late fall and spring of the following year, and between termination and spring of the following year were determined. The same treatments used in assessing aboveground biomass characteristics were used. In addition, the fallow treatment was included, bringing the total number of treatments in the analysis to 13.
Year by treatment interaction effects were observed for some of the variables at certain soil profile depths (Table 2 ). Analysis of these interaction effects showed that while the trend was similar in all the three years, some treatments were significantly lower or higher than others in some years, resulting in significant interaction effects. Thus, average treatment results are presented and discussed and where significant year by treatment effects were observed, they are highlighted and discussed as well. The difference in measured soil water between seeding and termination, taking into account precipitation during that period, is referred to as water use (Biederbeck and Bouman, 1994) . Averaged over the three years, spring wheat (SW) used more water from the top 15 cm of the soil profile at termination than all other crops but not different from other harvested crops (Fig. 3) . Early-and mid-seeded GM crops used similar amounts of water, which was significantly higher than that used by late season crops in the top 15 cm of the soil. The fallow maintained the same amount of water in the top 15 cm of the soil between early seeding and GM termination. In the 15-30 cm soil profile, early seeded GM crops used a similar amount of water as late seeded crops, while mid-seeded GM crops used a similar amount of water as harvested crops, which was higher than that used by early-and late-seeded GM crops. Early-seeded GM crops used soil water in the top 30 cm of the soil and tended to accumulate moisture in the 30-60 cm soil profile. On the other hand, mid-and lateseeded GM crops used the lowest amount in the top 15 cm of the soil, and increasingly used more moisture in the 15-30 and 30-60 cm soil profiles. While earlyseeded GM accumulated soil water in the 30-60 cm soil profile and below, mid-and late-seeded GM crops did not, but used some moisture even in the 60-120 cm soil profile.
Looking at the individual years, in a year with sufficient precipitation, early-seeded GM crops use water mainly from the top 30 cm of the soil profile, and are likely able to allow the lower soil profile to be recharged. In a drier year (e.g., 2007), early-seeded GM crops extract soil water all the way down to the 60 cm soil profile and allow minimal recharge in the lower segments during the season. This was similar to harvested crops. Spring wheat in particular, used more soil water in the 30-60 cm profile than in the upper soil layer segments. Late-seeded and to some extent midseeded GM crops used more soil water in the 30-60 cm profile than the upper segments regardless of whether precipitation was above or below normal. Overall, summerfallow conserved more soil water below the 30 cm soil profile than any other treatment, particularly in the wet year of 2008. At termination, soil water was highest in summerfallow, followed by late-seeded GM crops, at all soil profile depths (Fig. 3) . Spring wheat exhibited the lowest soil water levels at termination followed by FP cut for silage and harvested YP in that order. Similar soil water levels were observed in the early-and mid-seeded GM crops in the top 60 cm soil profile. Overall, similar trends in soil water levels among the treatments were observed in late fall and the following spring. At all these times, summerfallow and late-seeded GM crops exhibited the highest soil water levels, while harvested crops, in particular SW, exhibited the lowest soil water levels.
No differences in soil water were observed among GM crops, although it was noted that soil water levels in BL in 2007 were similar to those in summerfallow in the 0-60 cm soil profile. This is attributed to the near failure in BL crop as shown in aboveground biomass yield (Fig. 2) as a result of low precipitation. Interesting as well, is the fact that despite the large amount of water use in the 30-60 cm soil water profile by late-seeded GM crops, soil water levels at this profile were similar to that in summerfallow and higher than that in early-seeded GM, at all three sampling periods.
A closer look at the changes in soil water between termination and late fall, late fall and spring, and termination and spring shows significant differences among treatments (Fig. 4) . Averaged over the three years, plots with stubble of harvested crops gained more soil water in the top 30 cm of the soil between harvest and late fall. In the 30-60 cm profile, harvested crops gained some moisture but were not significantly different from GM crops. Harvested SW and YP resulted in decreased soil water below the 60 cm soil profile. Cutforth et al. (2013) found that compared to spring wheat, pulse crops withdrew less water from the soil, and even less so below 80 cm. This is likely because more than 90% of pulse crop root volume is found in the top 60 cm of the soil (Gan et al. 2011) . Soil water content on summerfallow and late-seeded GM crops declined between termination and fall at all soil profile levels. On the other hand, earlyseeded GM resulted in a significant increase in soil water between termination and late fall in the top 30 cm of the soil. In 2006, with the exception of early seeded BL, earlyseeded GM and harvested crops gained significant soil moisture between termination and late fall in the top 30 cm of the soil compared to summerfallow. The decline in soil moisture in the summerfallow was also significant in the 30-60 cm soil profile. This indicates that summerfallow can lose significant amounts of soil moisture in the fall prior to freeze up, despite the late, above normal precipitation. This is attributed to higher evaporative losses from the bare soil (Tanaka and Aase 1987; De Jong et al. 2008 ). On the other hand, early-to mid-seeded GM crops can provide sufficient soil cover to retain moisture from late season precipitation. No differences in soil water changes between termination and late fall were observed in 2007, a year with below normal precipitation.
No significant differences in changes in soil water were observed among all treatments at all levels between late fall and spring. However, on average, soil moisture changes were positive for all treatments over the winter. The overall results showed significant soil water changes between termination and spring. The differences were significant in the 0-30 cm soil profile. Changes were not significant in the 30-60 cm soil profile and below. Overall, on summerfallow, soil moisture in the 0-30 cm soil profile slightly declined while soil moisture on GM treatments and harvested stubble increased between termination and spring. Among GM crops, early-seeded treatments resulted in the highest increases in soil moisture between termination and spring, followed by mid-seeded GM and late-seeded GM, in that order.
In this study averaged over the three years, GM regardless of time of seeding did not significantly reduce soil water relative to summerfallow at all soil levels measured. This may be attributed to early termination of the GM before substantial soil moisture is used up by the GM. Brandt (1996) noted that during most years, soil water use by an early-incorporated GM crop was similar to surface evaporation losses on summerfallow. In addition, summerfallow usually gained less water than cropped treatments and occasionally showed net loss of soil water over winter. Similar observations were made in this study. Soil water declined in the top 30 cm between termination and late fall on summerfallow but barely changed over winter, resulting in a slight moisture reduction between termination and spring. The failure by summerfallow to accumulate moisture over winter is attributed to snow blow off due to lack of sufficient snow trapping stubble and crop residue on the soil surface, and to the freezing of the wet and bare soil surface that may restrict water infiltration during snowmelt or spring thaw events . On the other hand, soil moisture on GM increased between termination and fall, resulting in a significant increase in soil water between termination and spring. The ability of GM to recharge between Table 3 .
(concluded).
Soil water and water use Exchangeable Phosphorus
Exchangeable P at termination/harvest termination and spring combined with low water use of an early terminated GM resulted in spring soil moisture levels on GM which were comparable to those on summerfallow. Our results are similar to those of Brandt (1996) at Scott, SK, in the Dark Brown Soil zone, where spring soil water on summerfallow was not different from that on GM treatments. Pikul et al. (1997) also found no difference in spring soil moisture between GM and fallow treatments.
Effect on available nitrogen and phosphorus
Averaged over the three years, at termination, available N was higher in summerfallow than in early-and mid-seeded GM crops or harvested crops in the top 30 cm of the soil (Fig. 5) . No differences were observed in lower soil profiles, except harvested SW and FP cut for silage which exhibited lower levels of available N in the 90-120 cm soil segment. Late-seeded GM crops exhibited higher levels of available N at termination than early-seeded GM crops. However, the opposite was the case by late fall. Overall, no differences among GM treatments were observed by the following spring in any of the soil segments.
Differences were observed among the three years of study. In the drier season of 2007, late-seeded GM crops exhibited significantly higher levels of available N in the 0-15 cm soil segment compared to early-seeded GM crops at termination. Mid-seeded GM crops were intermediate and similar to summerfallow in terms of available N at termination in the top 30 cm soil segment. In the moister seasons (2006 and 2008) , no differences in available N were observed among GM treatments in the top 30 cm soil segment at termination. Due to poor growth of BL in 2007, available N in the top 30 cm of the soil was similar to that in summerfallow, and different from other GM treatments. High amounts of available N were observed at termination in the lower soil segments (30-120 cm). However, due to large variations within treatments, significant differences were barely detected, particularly below 60 cm soil depth.
Levels of available N increased between termination and spring in the top 60 cm of the soil profile (Fig. 6 ). Significant increases in available N were observed in early-seeded GM crops and crops harvested for grain or FP cut for silage in comparison to late-seeded GM crops in the 0-15 cm soil profile. The bulk of these changes occurred between termination and late fall, with minimal changes in available N between late fall and spring. Substantial decline in available N was observed in summerfallow between late fall and spring in the 60-120 cm soil segment. This decline was not significant compared with changes in other treatments.
Although differences in changes were not significant at the chosen level of significance, it is worth noting that in a year with near normal precipitation like 2006, sizable mineralization takes place between termination and late fall, resulting in increases in available N at all soil depths. However, in a wet year like 2008, increases in available N may occur in the top 60 cm of the soil profile, but substantial loses may also occur in the lower segments. Available N in summerfallow decreased substantially both between termination and late fall and between late fall and spring. Substantial decreases in available N in FP cut for silage below 30 cm occurred mainly between termination and late fall in 2008. Overall, although available N was higher at termination in late-seeded GM crops (Fig. 5) , the differences diminished by spring of the following year, resulting in no difference in available N among GM treatments at all soil depth segments.
Significant differences in exchangeable P in 0-15 cm at termination were only observed in 2006 (Fig. 7) between early-seeded CV and BL at all seeding dates. Averaged over the three years, no differences were observed at termination among all treatments at all soil depths, with the exception of summerfallow which had higher exchangeable P in the 30-60 cm soil profile than harvested SW. In 2007, early-seeded CV exhibited higher exchangeable P in late fall in the 0-15 cm soil profile than mid-season CV. This difference was also observed when averaged over the three years. As well, in late fall, exchangeable P was higher in the 30-60 cm profile in summerfallow than in harvested SW. However, none of these differences were observed by spring time. The only difference in exchangeable P in spring was observed in the 30-60 cm profile where summerfallow plots exhibited higher exchangeable P than in FP cut for silage. Hence, by and large, none of these treatments affected levels of exchangeable P, even in the top 15 cm of the soil where you would normally expect to see effects on P availability.
Effect of green manure termination method
Two methods were used to terminate green manure at full bloom, namely by glyphosate application and by incorporation with a tandem disc harrow. Termination by incorporation was only applied to early-seeded GM crops. Hence, this assessment looks at termination methods for early-seeded GM crops. Harvested crops and summerfallow treatments were included in the analysis in order to provide complete assessment and comparison. Thus, ten treatments were included in the analysis, namely, Treatments 1, 2, 3, 4, 5, 6, 13, 14, 15, and 16 (Table 1) . The results of this analysis are provided in Table 3 . Significant year by treatment effects were observed at certain soil depth segments at termination, late fall, and in the spring. The nature of the interaction effects at these soil depths are presented in Fig. 8 . By and large, the GM treatment effects across the three years were similar, but differed only in magnitude from one year to another. It appears that much of the year by treatment interaction effect was attributed to summerfallow effects, which differed from those caused by GM treatments from one year to another. Hence, results are presented on an average basis across the three years.
Averaged over the three years, no differences in soil moisture at termination, late fall or spring were observed between glyphosate-and incorporation-terminated GM crops (Fig. 9 ). Both methods of GM termination resulted in soil water content that was intermediate between summerfallow and harvested crops. These differences were significant at termination at all soil depths down to 120 cm. However, in late fall, differences were observed in the 15-90 cm soil segments, where harvested SW exhibited lower soil water than most of the incorporated GM treatments. By spring time, soil water in GM treatments terminated by either glyphosate or incorporation was not significantly different from that observed on summerfallow at all soil sampling segments. No differences in changes in soil water were observed between GM crops terminated by glyphosate or those terminated by incorporation for any soil sampling segment, whether at termination, late fall or in the spring (Fig. 8) .
Significant year by treatment interaction effects on available N are presented in Fig. 10 . In regards to the effect of termination method, no differences in available N were observed between glyphosate terminated GM and incorporated GM. The exception was in 2008 when incorporated CV had significantly higher available N compared to glyphosate terminated CV. As well, in 2008 available N in incorporated FP in the 60-90 cm soil profile declined between late fall and spring while that in glyphosate-terminated FP increased slightly, resulting in a significant difference between the two treatments. Averaged over the three years, no differences in changes in available N between sampling periods between GM termination methods were observed.
Conclusion
The choice of green manure (GM) crops or the methods of termination (glyphosate or incorporation) had no effect on soil moisture, available N, and exchangeable P at termination or the following spring; these factors were comparable to those observed under summerfallow, but were higher than on yellow pea and spring wheat stubble. GM seeding date had no effect on soil moisture, or available N and P. Therefore, GM, terminated at full bloom, is a viable alternative to summerfallowing for the semiarid northern Great Plains, and GM crops could be seeded at any time during the growing season, allowing the producer flexibility to seed GM crops when it is most convenient for them to do so. GM could be terminated by either glyphosate or soil incorporation depending on which method is most appropriate for their farming practices. In addition, if seeded late, GM could be terminated by frost, thus saving on termination costs. Late-seeded GM used the least amount of soil water compared to early-and mid-seeded GM crops, which resulted in soil moisture levels closest to summerfallow in all three years. Hence, in a year when there is insufficient post-termination and overwinter precipitation, late-seeded GM would most likely conserve more soil moisture than early-and mid-season GM crops.
While on average, no significant differences in soil moisture and available N were observed among GM crops tested in this study, some differences in growth characteristics were noted. Chickling vetch seemed to grow well at all seeding dates and would likely be the best choice if one had to seed late. In contrast, forage pea seemed to perform best when seeded early. Hence, among the three GM crops tested in this study, forage pea would be the GM of choice if one wants to seed the GM crop early.
